Malnutrition caused by iron deficiency can be overcome by fortification of food with iron. For the first time, metal (iron) bound/uptake food-grade microorganisms were used as fortificants in order to prevent deteriorative changes and to preserve the organoleptic acceptability of the fortified food. In the present study, biosorption capacity of Bacillus subtilis and uptake capacity of Saccharomyces cerevisiae for iron ions was determined by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) and found to be 7.1 ± 0.2 and 3.2 ± 0.2 mg per gram of the biosorbent respectively. Chocolate was fortified with various concentrations of biosorbed/uptaken iron, inorganic (free) iron and free biomass. Appearance, chemical and microbiological changes associated with fortification was monitored for 28 and 30 days of storage at 30°C respectively. Chocolate fortified with free (inorganic) iron showed significant increase in thiobarbituric acid (TBA) values when compared with the biosorbed/uptaken iron-fortified or free biomass-fortified chocolate samples. Black discoloration was observed in free iron-fortified samples when compared with samples fortified with metal enriched biomass or free biomass.
Introduction
Trace elements such as iron, iodine, fluoride, copper, zinc, chromium, selenium, manganese and molybdenum are vital for health. [1] Under nutrition of these trace elements in food is termed as "Hidden hunger", where it affects one in three people, globally. More than 2 billion people worldwide are suffering from this form of malnutrition. [2] Among the trace elements, iron is one of the essential elements required by all body cells, as it is a part of numerous highly complex processes occurs continuously in the body. Deficiency of iron causes decreased immune functions and leads to severe fatigue, improper maintaining of the body and can delay normal infant mental functions. [3] Iron deficiency is a major health problem in the developing world, and recently WHO ranked it as 7 out of 10 major global preventable risks for disease, disability and death. About half of the people with iron deficiency are children because they require a high amount of iron during their growth from infancy to adolescence. The probability of iron deficiency is more in women than men because women lose iron during menstruation, and the need for iron is greater during periods of growth. Fortification of food with iron would be an effective approach and sustainable strategy in the present scenario for providing additional iron required to the body. [4] The efficacy of iron fortification depends on many factors such as iron status of the target population, suitable vehicle and the type of the iron compound. [5] The inorganic form of iron is mostly used for fortification but may result in relatively high uptake which may cause detrimental effects and low bioavailability. [6] The organic form of iron (complexed with protein, polysaccharide, ligand and or microorganism) can be a valuable source for fortification with better bioavailability. This observation was supported by many other studies where iron complexed with protein or polysaccharide showed better availability with increased iron status. [7, 8] The advantages of these complexed proteins or polysaccharides is that they are composed of nutrients, which are absorbed or utilized by the body and allows the iron to be bioavailable. [9] Fortification of foods with iron is technically challenging because of off-color and off-flavor development, catalytic degradation of vitamins and oxidation of lipids occurring due to the reaction of inorganic form of iron with the food constituents [10] which results in low consumer acceptance of the fortified food. However, in the organic form, the metal is complexed with amino acids, proteins, lipids,and polysaccharides, [9, 11] and is unavailable for reaction with the food constituents. This eliminates or reduces the deteriorative changes associated with metal incorporation into foods. The organic form of the metal is thus not only more bioavailable than the inorganic form, [11] it is also unreactive making the fortified food organoleptically acceptable.
Microbial biomass can act as an organic matrix, and enriched with the trace elements, can be employed as a medium for food fortification. [12, 13] Many studies reported the use of microorganisms as natural biosorbent for metal ions. [12] The increased bioavailability of the trace elements using yeast or bacteria as a vehicle compared with the inorganic forms of the trace element have been reported in many studies. [11, [14] [15] [16] The use of microorganisms for delivering of these nutrients is of relevance for the production of functional foods with these micronutrients.
In the present study, iron was biosorbed onto Bacillus subtilis by biosorption while it was incorporated into yeast by uptake. Bacillus subtilis and Saccharomyces cerevisiae (yeast) are nonpathogenic and non-toxic and has Generally Regarded as Safe (GRAS) status, and hence used in the fortification of foods. These microorganisms enriched with iron could be a valuable organic source of this element in food in bioavailable form that will also prevent deteriorative changes associated with metal incorporation. Supplementation of iron deficient groups (foods) with iron-enriched Bacillus/Yeast will be a new promising application.
Chocolate enriched with iron could be an attractive solution for many children since they constitute 50% of people with iron deficiency. [17] Children prefer food products flavored with chocolate. [18] Hence, in this context, the aim of the present study is to enrich the Bacillus and yeast with iron, its fortification into chocolate, and evaluate the chemical and microbiological changes in the fortified chocolate samples.
Materials and methods

Microorganism and growth conditions
The bacterium, Bacillus subtilis was maintained on nutrient agar plates, and the yeast Saccharomyces cerevisiae was maintained on yeast media agar plates (20 g/L dextrose; 10 g/L peptone; 5 g/L yeast extract and 20 g/L agar) at 4°C and subcultured every month.
Preparation of metal-enriched biomass by biosorption/uptake
Bacillus subtilis biomass was prepared by inoculating the strain into nutrient broth [19] and incubating at 37°C for 24 hr at 150 rpm. The bacterial cells were harvested by centrifugation at 8000 rpm for 10 min, washed twice with ultrapure water before being used in the iron biosorption experiments.
Biosorption experiments were carried out in 250 ml Erlenmeyer flasks containing 100 mg/L of Fe and a biomass concentration of 1g/L at pH 4.5. The flasks were then agitated at 150 rpm on an orbital shaker at 30°C for 24 hr. After incubation, the solutions were centrifuged at 8000 rpm for 8 min, and the obtained supernatant was analyzed for the nonbiosorbed iron ions. To determine the amount of iron biosorbed onto the B. subtilis biomass, the iron biosorbed B. subtilis pellets (10*100 mg) was digested with 3% HNO3 at 98°C. After complete digestion, the vessel contents were dissolved in 50 ml of distilled water and analyzed.
A suspension (5 ml) of yeast culture grown from the yeast media agar plates at 30°C, 24 hr was used as the pre-inoculum. Yeast media were employed for biomass cultivation with and without iron supplementation. The inoculum was grown in 500 ml Erlenmeyer flasks containing 250 ml of yeast medium. The cultivation was started by adding the suspension of pre inoculum (5 ml) to the culture media, and the medium supplemented with iron was added with 25 mg ferrous sulfate heptahydrate (corresponding to 5 mg Fe/250ml). The flasks were then incubated in rotary shaker at 150 rpm, 30°C , 18 h. After incubation, the cells were harvested by centrifugation at 8000 rpm for 5 min. The cells were then washed with double-distilled water for two times to remove the contents of the medium. For iron quantification, the yeast pellets were digested using 3% HNO3 at 98°C to release the intracellular iron. The contents of the flask were mixed with 50 ml distilled water. The intracellular iron and residual iron in the cultivation media were then analyzed to determine the amount of iron uptake by the yeast.
Quantification of metal binding or incorporation into biomass
The concentration of the Fe (II) ions in the supernatant of B. subtilis after biosorption, culture media of yeast after incubation and the digested samples of the iron uptake yeast and iron biosorbed B. subtilis was measured by Inductive Coupled Plasma Optical Emission Spectroscopy (ICP-OES). The equilibrium biosorption capacity of B. subtilis and the uptake capacity of yeast at the corresponding equilibrium conditions was calculated using a mass balance equation [20] :
where q e is the amount of the metal biosorbed/uptake by the biosorbent (mg g −1 ); C i is initial metal ion concentration in solution (mg l −1 ); C e is the equilibrium metal ion concentration in solution (mg l −1 ) V is volume of the medium(l); and m is the amount of the biosorbent used in the reaction mixture (g).
Chocolate making procedure and experimental design
Chocolate was prepared in the laboratory with common ingredients that people use in households. Sugar (30 g) was dissolved in 100 ml distilled water and boiled until string consistency was attained. To this, skim milk powder (3 g) and cocoa powder (3 g) were added while hot and thoroughly mixed. The obtained chocolate syrup (5 g) was mixed with butter (2 g) and distributed into individual plates. To each chocolate plate, one of the fortificant forms (free iron, biomass bound/ uptake iron, or free biomass) were added according to the treatments. The components were mixed and allowed to cool by incubating at −80°C for 16 hr for solidification of the chocolate. Finally, the chocolate was stored at 30°C for 28 (Bacillus subtilis) and 30 (Saccharomyces cerevisiae) days and analyzed for color, appearance, chemical and microbiological changes at every seven (Bacillus subtilis) and 15 days (Saccharomyces cerevisiae). Chocolate was fortified with Bacillus subtilis and Saccharomyces cerevisiae with the treatments as described in Tables 1 and 2 .
Microbiological analysis of chocolate samples
Different treatments of chocolate fortified with B. subtilis and yeast were subjected to microbiological analysis. For this chocolate was homogenized with double-distilled water and spreaded on Potato Dextrose agar (PDA) plates for yeast and mold counts and on Eosin Methylene Blue (EMB) agar plates for coliforms counts. The plates were than observed after incubation at 37°C (PDB plates) and 25.5°C (EMB plates) for 24-48 h.
Chemical changes (TBA test) in chocolate during storage
The chocolate fortified with both Bacillus and yeast was analyzed chemically by thiobarbituric acid (TBA) to estimate the amount of product formed as a result of oxidation spectrophotometrically. For this, 2 g of chocolate was melted and allowed to dissolve in 2 ml of water. Then, freshly prepared 2 ml of 20 mM TBA reagent was added before incubating in boiling water bath for 30 min. Then, the samples were allowed to cool and, the obtained orange-red supernatant was separated, and its absorbance was measured at 531 nm.
Determination of iron from chocolate samples (B. subtilis)
To determine iron in fortified chocolate samples, 2 g of freshly prepared chocolate was fortified with highest concentration of inorganic iron, iron biosorbed B. subtilis biomass and free biomass as presented in Table 1 and incubated at 30°C for 28 days. Then, the chocolate was powdered by using sterile glass motor and pestle. Weigh 1 g of powdered chocolate into clean dry digestion vessel and add HNO 3 and H 2 SO 4 in 10:5 ratios, respectively. The vessel was heated at 100°C after mixing thoroughly. To avoid carbonization during heating 1 ml of HNO 3 can be added throughout the process if needed. After completion of digestion, the remained portion of the vessel contents (4 ml of acid) was made up to 50 ml with distilled water. Since ICP-OES was sensitive to highest concentration of acids, from the above sample 10 ml was taken and further made up to 50 ml with distilled water. Then, the diluted sample was analyzed for the determination of iron in all the fortified treatments including control. Acid digestion was performed by the method described in other studies. [21] 
Statistical analysis
All determinations were performed in replicate. The results were expressed as mean ± SD (standard deviation). Figures were represented using GraphPad Prism version 5.01. Containing 2.1 mg of iron bound to 0.3 g of biomass R6
Containing 0.2 g of biomass R7
Containing 0.3 g of biomass 
Results and discussion
Application of Bacillus subtilis and Saccharomyces cerevisiae for iron fortification through chocolate
Based on the results obtained by ICP-OES, the biosorption potential of B. subtilis was found to be 7.05 ± 0.212 mg per gram of the biosorbent, and the uptake capacity of yeast was found to be 3.18 ± 0.2 mg per gram of the biomass. While in other studies maximum biosorption efficiency of 90-100% was achieved with other strains of Bacillus for Fe ions [22] , and the uptake capacity of yeast Saccharomyces cerevisiae was found to be 2.83 mg per gram of the biomass. [13] From Table 3 we can elucidate that the amount of the iron biosorbed was same with the amount of iron released as a result of acid digestion which confirms that there was no loss of iron during the biosorption process. The obtained iron enriched B. subtilis and yeast was used for the fortification of chocolate. The chocolate samples were analyzed chemically and microbiologically when fresh and after 28 and 30 days of storage with 7 and 15 days interval, respectively.
Sensory changes in chocolate
Besides bioavailability, other aspects have to be taken into consideration for fortification of food like form and source of the iron. Iron when present in inorganic form, reacts with the food constituents such as lipids and carbohydrates and lead to several chemical processes like lipid peroxidation, unacceptable taste and discoloration of the iron-fortified food resulting in poor consumer acceptance.
The fortified chocolate treatments were observed for sensory changes during storage (Figures 1  and 2) . The chocolate fortified with inorganic (free) iron (R2 & R3) showed black discoloration upon storage. Greater degree of discoloration was noticed in chocolate with higher amount of free iron. No discoloration was observed in the chocolate containing iron biosorbed/uptake biomass (R4 & R5) or with only biomass (R6 & R7) or in control (R1). The intensity of the black color was increased with the increase in storage period and by the end of the 28 th /30 th day, large dark color spots were observed in the free iron-fortified chocolate samples in both experiments. The increased rate of oxidation upon storage was evaluated by TBA test. Darkening of food samples when fortified with inorganic iron was also observed in other studies. The tortillas fortified with iron were significantly darker than control tortillas. [23] Darkening was observed in instant noodles when fortified with iron. [24] Hence, iron biosorbed/uptaken biomass can prevent the deteriorative and unacceptable sensory changes observed during fortification of food with inorganic (free) metals.
The chocolate made with yeast showed holes/eyes. Although this may be considered a defect, alternatively the product can be marketed as a special kind of chocolate (as in case of Swiss cheese). Appropriate technological solutions, like overlaying with a normal coat of chocolate can be done. Such change was not noticed with chocolate containing B. subtilis. Yeast, molds and coliforms were absent in all the fortified treatments either fresh or during storage.
TBA analysis of iron-fortified chocolate
The chemical changes of chocolate as a result of fortification during 28 and 30 days of storage are shown in Figures 3 and 4 for B. subtilis and yeast. TBA assay indicates the extent of oxidative changes. [25] In Table 3 . Amount of Fe biosorbed after biosorption and release of iron from iron biosorbed B. subtilis after digesting with 3% HNO 3. both the experiments, upon comparing the TBA values, significantly higher values were observed in free iron-fortified chocolate when compared to control and biosorbed/uptake iron-fortified chocolate (lower TBA values). During storage, the TBA values increased significantly. From these results, we can infer that the oxidation process was higher in chocolate samples containing free iron than in that containing biosorbed/uptake iron. The reason for high TBA values is that iron, when present in free state, reacts with the food constituents and triggers lipid peroxidation reactions (and higher TBA values) making the food organoleptically unacceptable to consume. However, iron biosorbed/uptake to biomass is unavailable for reaction with food constituents resulting in lower TBA values, indicating lower oxidative changes. Similar results were observed with other studies where free iron-fortified cheese showed higher TBA values when compared with bound or encapsulated iron-fortified cheese samples (not in free state). [26] [27] [28] [29] [30] Hence, iron biosorbed/uptaken to biomass is unavailable for reaction with food constituents resulting in lower TBA values, indicating lower oxidative changes. 
S. No
Determination of iron from chocolate samples
Based on the results obtained by ICP-OES (Table 4 ) it was concluded that the amount of iron-fortified was the same with the amount of the iron released in the chocolate samples as a result of acid digestion. Hence, we can interpret that the iron will be in bioavailable form when fortified products were consumed. As a result, the malnutrition caused by trace elements can be overcome by taking metal-fortified food products without any harmful side effects routinely.
Conclusion
This study proves that the biomass of B. subtilis and yeast can biosorb/uptake iron. This is only the first study employing the microbial biomass enriched with metal as fortificant. In both the studies, chocolate fortified with free iron showed discoloration and higher TBA values during storage. However, chocolate fortified with biomass biosorb/uptake iron did not show any discoloration and had lower TBA values as control. Thus, iron-enriched yeast biomass and Bacillus biomass can serve as a vehicle for metals during fortification of foods without causing any organoleptic/deteriorative changes. They can be employed in the preparation and commercial manufacture of fortified food products to supplement iron or other trace elements. The savings due to avoiding product spoilage due to oxidative damage may compensate for cost of biomass biosorb/uptake iron production.
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